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(57) Abstract io 



An electrostatic clamp (10) for dielectric sub- 
strates (12) is operated with a low voltage electric 
source by reducing the width of electrode lines (14) 
to less than 100 ^m and by reducing the spacing 
between adjacent electrode lines to less than 100 
tim. The electrostatic clamp (10) includes an array 
of electrodes (14) such as aluminum formed on a 
base of insulating material (12) such as glass and 
covered by an insulating layer (24) such as nitride 
which covers and protects the electrodes. Electrical 
contacts (16, 18) apply voltages of opposite polar- 
ities to alternating electrode lines (14) to create a 
non-uniform electric field which causes a dielec- 
tric substrate (22) to be pulled toward the region of 
highest electric field. The reduced width electrode 
lines and spacings are created by the use of micro- 
lithographic techniques including thin film deposi- 
tion and etching for formation of the electrode and 
the coating layers. 
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LOW VOLTAGE ELECTROSTATIC CLAMP 
FOR SUBSTRATES SUCH AS DIELECTRIC SUBSTRATES 

Field of the Invention 

The present invention relates to an electrostatic clamp for holding 
substrates in a vacuum processing chamber, and more particularly, the present 
invention relates to a low voltage electrostatic clamp for clamping dielectric 
5 substrates. 

Description of the Related Art 

Vacuum processing chambers are generally used for etching and 
chemical vapor depositing (CVD) of materials on substrates by supplying an 
etching or deposition gas to the vacuum chamber and application of an RF field 

10 to the gas. Examples of parallel plate, transformer coupled plasma (TCP), and 
electron-cyclotron resonance (ECR) reactors are disclosed in commonly owned 
U.S. Patent Nos. 4,340,462; 4,948,458; and 5,200,232. The substrates are held 
in place within the vacuum chamber during processing by substrate holders. 
Conventional substrate holders include mechanical clamps and electrostatic 

15 clamps (ESC). Examples of mechanical clamps and ESC substrate holders are 
provided in commonly owned U.S. Patent No. 5,262,029 and commonly owned 
U.S. Application No. 08/401,524 filed on March 10, 1995. Substrate holders in 
the form of an electrode can supply radiofrequency (RF) power into the 
chamber, as disclosed in U.S. Patent No. 4,579,618. 

20 Mechanical clamps generally employ a clamp ring which surrounds the 

substrate and presses down on the top surface of the substrate around its 
periphery. Further examples of mechanical clamping rings are disclosed in U.S. 
Patent Nos. 4,615,755; 5,013,400; and 5,326,725. Due to the fact that these 
known mechanical clamps cover the edge portions of the substrate, mechanical 

25 clamps reduce the area of the substrate which is able to be processed. Some 
additional drawbacks of mechanical clamps are that the clamp ring may cause 
damage to the edge of the substrate or may cause particles to become dislodged 
and contaminate the substrate in the chamber. Although mechanical clamps are 
suitable for use in many applications with small substrates, when large 

30 substrates such as flat panel displays are processed using mechanical clamps, the 
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panels may have a tendency to become bowed due to the supply of pressurized 
gas used for increasing thermal conduction between the substrate and the water 
cooled substrate holder. 

Substrates used to make flat panel displays may have dimensions of 
5 about 320mm x 340mm, 360mm x 465mm, or as large as 600mm x 720mm 

with thicknesses of 0.7mm or 1.1mm and such substrates can be used for lap top 
computer screens. A discussion of flat panel display processing can be found in 
an article by Y. Kuo entitled "Reactive ion etching technology in thin-film- 
transistor processing," IBM J. Res. Develop., V. 36, No. 1, January 1992. In the 

10 past, these large flat panel display substrates have been held in place in 

processing chambers by the use of mechanical clamps. However, mechanical 
clamps have the disadvantages discussed above. 

Substrates including flat panel displays and smaller substrates can be 
cooled by the substrate holder during certain processing steps. Such cooling is 

15 performed by the application of an inert gas, such as helium, between the 

substrate holder and the opposed surface of the substrate. For instance, see U.S. 
Patent Nos. 5,160,152; 5,238,499; 5,350,479; and 5,534,816. The cooling gas 
typically fills channels or a pattern of grooves in the substrate holder and 
applies a back pressure to the substrate which tends to cause the substrate to 

20 become bowed upward at the center when the substrate is held only along the 
edges by a mechanical clamping apparatus. This bowing effect is even more 
pronounced for large substrates such as the type used to make flat panel 
displays. The bowing of the panel is undesirable since it causes non-uniform 
heat transfer to the substrate holder thus adversely affecting the processing of 

25 the panel. 

Electrostatic chucks are used for holding semiconducting and conducting 
substrates in place in a vacuum chamber in situations where it is desirable to 
avoid a clamping ring which extends over a portion of the substrate upper 
surface. Electrostatic chucks of the monopolar type utilize a single electrode. 
30 For instance, see U.S. Patent No. 4,665,463. Electrostatic chucks of the bipolar 
type utilize mutual attraction between two electrically charged capacitor plates 
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which are separated by a dielectric layer. For instance, see U.S. Patent Nos. 
4,692,836 and 5,055,964. An electrostatic chuck generally comprises an 
electrode with a dielectric layer formed on the electrode. A substrate of 
conductive or semiconductive material which is placed on the dielectric layer is 
5 attracted toward the electrode. Although this electrostatic attraction can be 

obtained between semiconducting and conducting substrates and an electrostatic 
chuck, this type of electrostatic attraction cannot be obtained with dielectric 
materials. With respect to conducting and semiconducting substrates, 
electrostatic chucks are beneficial because they exert a holding force on the 
10 entire substrate which counteracts the force of the cooling gas applied to the 
back of the substrate and does not cause the substrate to bow or warp. 

The benefits of an electrostatic chuck would be highly desirable for use 
with flat panel displays. However, because flat panel displays are generally 
made of non-conductive materials, such as glass, conventional electrostatic 
15 chucks cannot be used. 

Summary of the Invention 

The device according to the present invention addresses the 
disadvantages of the prior art by providing an electrostatic clamp which may be 
used for dielectric substrates. The electrostatic clamp can be used in a variety 
20 of manufacturing processes such as etching, plasma CVD, thermal CVD, RTP, 
implantation, sputtering, resist stripping, resist coating, lithography, substrate 
handling, etc. The electrostatic clamp according to the present invention 
operates at low voltages thereby avoiding problems associated with high voltage 
ESC systems. 

25 According to one aspect of the present invention, an electrostatic clamp 

for clamping dielectric substrates includes an array of electrodes formed on a 
base, wherein the width of each of the electrodes in the array of electrodes is 
less than approximately 100 pm, and the spacing between the electrodes is less 
than approximately 100 |jm. A source of electrical power is connected to 

30 alternating electrodes in the array of electrodes. 
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According to another aspect, the present invention involves an 
electrostatic clamp for clamping dielectric substrates including an array of 
electrodes formed on a base, each of the electrodes in the array of electrodes 
having an electrode width and a spacing between the electrodes, and an 
5 insulating layer covering the array of electrodes. A first source of electrical 
power is connected via a first electrical contact to alternating electrodes in the 
array of electrodes and a second source of electrical power is connected via a 
second electrical contact to remaining electrodes in the array of electrodes which 
are not connected to the first power source. The power sources apply voltages 

10 of opposite polarity and magnitudes of less than 1 kV to the first and second 

electrical contacts, wherein the electrode width and spacing is small enough that 
less than 1 kV applied to the first and second electrical contacts provides a 
sufficient clamping force to clamp a dielectric substrate while opposing an 
opposite force of at least 2 Torr of backside pressure. 

15 According to another aspect of the invention, a method of making an 

electrostatic clamp includes depositing a thin metal film on an electrically 
insulting substrate, forming an array of electrodes by etching the thin metal film 
by the use of micro-lithographic technologies, wherein the electrodes which are 
formed by the etching have widths of less than approximately 100 pm, and 

20 spacings between the electrodes are less than approximately 100 pm. The array 
of electrodes is coated with an insulating film such as silicon nitride, aluminum 
oxide, silicon dioxide and/or boron nitride and alternating electrodes are 
connected to a common electrical contact. 

The invention also provides a method of processing a substrate in a 

25 process chamber having an electrostatic clamp for supporting the substrate 

during processing thereof, wherein the method comprises: supplying a substrate 
to the process chamber at a position above the electrostatic clamp, the clamp 
including electrodes having widths of less than approximately 100 |im and 
spacings between electrodes of less than approximately 100 pm; clamping the 

30 substrate by supplying sufficient electrical power to the clamp to 

electrostatically attract the substrate against the upper surface of the clamp; and 



WO 97/23945 



PCT/US96/20883 



- 5 - 

processing the substrate. The process can further include supplying a heat 
transfer gas between the lower surface of the substrate and the upper surface of 
the clamp. For instance, the upper surface of the substrate can be etched or 
coated during the processing step. The process chamber can be part of an ECR 
5 reactor, TCP reactor or parallel plate reactor. The clamp can be a bipolar 
electrostatic chuck and the substrate can be a glass panel suitable for use in 
making a flat panel display or a semiconductor wafer. The clamp can be 
supplied DC voltage of 50 to 1000 volts during the clamping step. In order to 
cool the substrate, helium gas can be supplied to a space between the lower 
10 surface of the substrate and the upper surface of the clamp by passing the 
helium through one or more channels in the clamp. 
Brief Description of the Drawings 

The invention will be described in greater detail with reference to the 
accompanying drawings in which like elements bear like reference numerals, 
15 and wherein: 

FIG. 1 is a top view of an electrostatic clamp according to the present 
invention wherein electrode lines are enlarged for clarity; 

FIG. 2 is a cross-sectional side view of the electrostatic clamp taken 
along line 2-2 of FIG. 1 ; 
20 FIG. 3 is a graph of the electrostatic pressure in Torr versus applied 

voltage in volts for an electrostatic clamp according to the present invention 
having 10 \im wide electrode lines and spaces between the electrodes of 20, 50, 
100, and 
200 |um; 

25 FIG. 4 is a graph of electrostatic pressure in Torr versus applied voltage 

in volts for an electrostatic clamp according to the present invention having 10 
fim wide electrode lines and spaces between the electrodes of 5, 10, 20, and 40 
Mm; 

FIG. 5 is an enlarged side view of an electrostatic clamp showing the 
30 electric fields created; 
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FIG. 6 is an enlarged side sectional view of the electrostatic clamp 
according to the present invention; and 

FIG. 7 is a graph of the effect of applied voltage on electrostatic clamp 
performance for two variations of the present invention. 
5 Detailed Description of the Preferred Embodiments 

The present invention provides an electrostatic clamp 10 as shown in 
FIGS. 1 and 2 which can be used to clamp substrates such as large dielectric 
substrates within a processing chamber such as a vacuum chamber. Dielectric 
objects can be electrostatically clamped by immersing the dielectric object in a 
10 non-uniform electric field. The non-uniform electric field produces a force 

which tends to pull the dielectric object into the region of the highest electric 
field. 

The electrostatic clamp 10 according to the present invention includes a 
base 12 of dielectric material such as glass, alumina, etc., on which a plurality 

15 of electrodes 14 of electrically conductive material such as aluminum, copper, 
tungsten, etc., are formed as spaced-apart lines on the base. Preferably, the 
pattern of the electrodes 14 formed on the base 12 is an interdigitated pattern of 
two sets of alternating parallel conductor lines. However, other electrode 
patterns, such as a concentric circular pattern or an irregular pattern can also be 

20 used. The pattern may be interrupted by lifter pin holes (not shown) or other 
features which may be located on the surface of the electrostatic clamp 10. To 
provide power of opposite polarity to the two sets of conductor lines, electrical 
connectors 16,18 passing through holes in the base connect the conductor lines 
to suitable power sources. The contacts can thus deliver the desired voltage to 

25 the electrostatic clamp 10. Alternating electrodes 14 in the electrode array are 
connected to one electrical contact 16, while opposite alternating electrodes are 
connected to the other of the electrical contacts 18. 

As shown in FIG. 5, adjacent electrodes 14 are oppositely charged by 
one or more voltage sources connected to the electrical contacts 16,18. The 

30 oppositely charged electrodes create a non-uniform electric field 20 above 
dielectric coating 24. The non-uniform electric field 20 causes a dielectric 
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workpiece 22 which is placed on the dielectric coating 24 of the electrostatic 
clamp 10 to be pulled toward the region of the highest electric field. The region 
of highest electric field is generally located between the oppositely charged 
electrodes. 

5 Conventional electrostatic clamps used for clamping semiconducting or 

conducting substrates such as silicon wafers include spaced-apart electrode lines 
with line widths of approximately 3 mm and spacings between lines of 
approximately 1 mm. If such an electrostatic clamp was used to hold a 
dielectric substrate, the voltage required to create the necessary clamping force 
10 which overcomes the backside pressure applied by the cooling gas would be 
approximately 5000 volts. 

The attractive force generated by known electrostatic clamps on a 
dielectric workpiece is relatively weak, since conventional manufacturing 
methods produce electrode lines and spaces between electrode lines which are 
15 no less than several hundred microns wide. With such arrangements, thousands 
of volts are required to hold a dielectric substrate 22 (such as the type used to 
produce flat panel displays) with the several Torr required to hold the substrate 
securely on the electrostatic clamp 10. These high voltages are undesirable for 
a number of reasons including, safety concerns, potential damage to devices 
20 being processed on the substrate, added design complexity, high power 

consumption and high costs associated with design of the electrostatic clamp and 
electrical circuits capable of delivering and handling the high voltages. High 
voltages are also undesirable due to the potential to cause arcing or other 
malfunctions as a result of irregularities in the electrostatic clamp or the 
25 processing system. 

FIG. 3 illustrates the electrostatic pressure acting on a dielectric substrate 
for different applied voltages with an electrostatic clamp 10 having electrode 
line widths of 10 jam. As shown in FIG. 3, when the line width is reduced to 
10 jam, an electrostatic pressure of almost 4 Torr can be created by application 
30 of only 1000 volts to an electrostatic clamp with a spacing between electrodes 
of 200 pm. The voltage required to create a desired clamping force can be 



WO 97/23945 



PCT/US96/20883 



- 8 - 

progressively decreased by decreasing the spacing between the electrodes to 100 
Mm, 50 jam and 20 |jm, as shown in FIG. 3. The voltages required to operate 
the electrostatic clamp 10 may be still further reduced by decreasing the spacing 
between electrodes from 40 |jm to 20 jam, 10 Jim or 5 pm, as shown in FIG. 4. 
5 As explained above, the attractive force generated by electrostatic clamps 

can be greatly increased by electrode lines and spaces which are substantially 
smaller than conventional electrostatic clamps. However, conventional 
manufacturing methods can only produce electrode lines and spaces which are 
no less than several hundred microns wide. Thus, there is a need in the art for a 

10 process capable of providing electrostatic clamps having a large number of 
closely spaced conductor lines while minimizing the expense of making such 
lines on a large scale such that the clamp can be used for clamping large 
dielectric substrates such as flat panel displays. It should be noted, however, 
that manufacture of electrostatic clamps with small electrode line widths and 

15 spacings is further complicated by the requirements in a vacuum processing 
chamber for vacuum compatibility, high holding forces, good thermal 
conductivity, and excellent mechanical abrasion resistance. 

Semiconductor wafer processing technology is unsuitable for 
manufacturing devices having dielectric substrates. Thus, in order to achieve 

20 extremely small electrode lines with very close spacing over a large area with 
plasma-compatible materials on a dielectric substrate or base, the electrostatic 
clamp 10 of the present invention can be manufactured by flat panel display 
(AMLCD) manufacturing technology. A suitable method of making the 
electrostatic clamp according to the present invention includes providing a 

25 dielectric substrate or base 12 on which the electrodes 14 are formed by pattern 
micro-lithography and etching using technologies which are generally used 
AMLCD manufacturing. 

An enlarged cross-sectional view of a portion of an electrostatic clamp 
10 according to the present invention is shown by way of example in FIG. 6. 

30 The electrostatic clamp 10 includes a base 12 which is preferably formed of 

glass or quartz. The metal electrodes 14 are formed on the base 12 in a manner 
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which will be described in more detail below. The electrodes 14 are preferably 
formed of electrically conductive material such as aluminum or polysilicon. 
However, the electrodes may also be formed of other materials commonly used 
for electrodes such as Cr, Mo, indium-tin-oxide, or other less common metals. 
5 The electrodes 14 are covered with an electrically insulating film 24 which 

protects the electrodes from abrasion, chemical attack, electrical breakdown and 
separates the substrate to be processed from the electrodes. The insulating film 
24 is preferably formed of PECVD nitride such as silicon nitride, silicon 
dioxide, boron nitride, aluminum oxide, or combinations thereof. However, 

10 other insulating materials, such as Si0 2 or Si 3 N 4 , may also be used. The use of 
nitride as a preferred coating is selected because it gives the electrostatic clamp 
10 an abrasion resistant upper surface which protects the electrodes 14, the 
nitride has a high dielectric constant which improves the clamping force applied 
to the workpiece, and the nitride has a high breakdown voltage. 

15 The electrostatic clamp 10 according to the present invention may be 

formed by the following sequence of steps: 1) providing a bare clean glass 
substrate of an appropriate size; 2) deposit a thin metal film on the substrate by 
sputtering; 3) coat the thin metal film with photo-resist; 4) expose the photo- 
resist to ultraviolet light through a mask having a desired pattern and 

20 subsequently remove unexposed resist; 5) plasma or wet-chemical etch exposed 
metal, leaving behind an electrode array pattern; 6) strip remaining photo-resist 
from electrode pattern; 7) coat the electrode pattern with an electrically 
insulating film; and 8) connect alternating electrodes to electrical contacts. This 
process by which the electrostatic clamp according to the present invention may 

25 be manufactured is set forth by way of example only and is not intended as a 
limitation. 

There are many variations on this process using flat panel display 
manufacturing methods. However, the variations on the method preferably 
include the use of micro-lithographic technology for patterning the electrodes in 
30 the form of a thin film, and the use of thin film deposition and etching 
technologies for formation of the electrode and coating layers. 
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The holding force of the electrostatic clamp according to the present 
invention increases as 1) the electrode line widths are reduced; 2) the spaces 
between the electrode lines are reduced; and 3) the coating layers are made 
thinner. As shown in FIGS. 3 and 4, electrode line widths and spacings of tens 
5 of microns result in acceptable clamping forces at tens or hundreds of volts 
rather than thousands of volts. 

The pressure exerted by the electrostatic clamp 10 is also affected by the 
dielectric constant of the insulating coating. FIG. 7 illustrates the effect of 
applied voltage on the performance of electrostatic clamp having electrodes with 

10 line widths of 10 |jm, line spacings of 10 |um, and an insulating nitride coating 
of 1 (im. The two plots shown in FIG. 7 represent two different embodiments 
of the present invention having insulating coatings with dielectric constants of 6 
and 9. As can be seen in the graph, the higher dielectric constant provides a 
higher clamping force for the same voltage. 

15 While the invention has been described in detail with reference to 

preferred embodiments thereof, it will be apparent to one skilled in the art that 
various changes can be made, and equivalents employed without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS : 

1. An electrostatic clamp for clamping dielectric substrates 
comprising: 

an array of spaced-apart and electrically conductive electrodes 
5 formed on a dielectric base, wherein the width of each of the electrodes in the 
array of electrodes is less than approximately 100 fim, and the spacing between 
the electrodes is less than approximately 100 jam; 

an electrical contact connected to a first group of the electrodes 
and a second electrical contact connected to a second group of the electrodes, 
10 the first and second groups of electrodes alternating with respect to each other 
in the array of electrodes. 

2. The electrostatic clamp according to Claim 1, wherein the width 
of the electrodes is less than approximately 50 pm. 

3. The electrostatic clamp according to Claim 1, wherein the 
15 spacing between the electrodes is less than approximately 50 |nm. 

4. The electrostatic clamp according to Claim 1, wherein the spacing 
between the electrodes is approximately 5 to 20 pm and the width of the 
electrodes is approximately 5 to 20 pm. 

5. The electrostatic clamp according to Claim 1, wherein the array 
20 of electrodes is covered with a dielectric insulating layer. 

6. The electrostatic clamp according to Claim 5, wherein the 
insulating layer is formed of silicon nitride, silicon oxide, aluminum oxide, 
boron nitride or combinations thereof. 
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7. The electrostatic clamp according to Claim 5, wherein the 
insulating layer has a thickness of less than 10 jam. 

8. The electrostatic clamp according to Claim 5, wherein the 
insulating layer has a dielectric constant in a range of 6 to 9. 

5 9. The electrostatic clamp according to Claim 1, wherein the base is 

formed of glass and the array of electrodes is formed of aluminum. 

10. An electrostatic clamp for clamping dielectric substrates 
comprising: 

an array of electrodes formed on a base, each of the electrodes in 
10 the array of electrodes having an electrode width and a spacing between 
electrodes; 

an insulating layer covering the array of electrodes; 
a first electrical contact connected to alternating electrodes in the 
array of electrodes; 

15 a second electrical contact connected to remaining electrodes in 

the array of electrodes which are not connected to the first electrical contact; 

a voltage source for applying voltages of less than 1 kV to the 
first and second electrical contacts, wherein the electrode width and spacing is 
small enough that less than 1 kV applied to the first and second electrical 

20 contacts provides a sufficient clamping force to clamp a dielectric substrate 
against at least 2 Torr of backside pressure. 

11. The electrostatic clamp according to Claim 10, wherein the width 
of the electrodes is less than approximately 100 |im. 

12. The electrostatic clamp according to Claim 10, wherein the 
25 spacing between the electrodes is less than approximately 100 |im. 
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13. The electrostatic clamp according to Claim 10, wherein the 
spacing between the electrodes is approximately 5 to 50 ^im and the spacing is 
approximately 5 to 50 pm. 



14. A method of making an electrostatic clamp comprising: 
5 depositing a thin metal film on a dielectric substrate; 

forming an array of electrodes by etching the thin metal film by 
micro-lithography, wherein the electrodes which are formed by the etching have 
widths of less than approximately 100 |nm, and spacings between the electrodes 
are less than approximately 100 |nm; 
10 coating the electrodes with an electrically insulating film; and 

connecting common electrical contacts to alternating electrodes in 
the array of electrodes. 



15. The method of making an electrostatic clamp according to Claim 
14, wherein the step of depositing the thin metal film includes depositing the 
15 thin metal film by sputtering. 



16. The method of making an electrostatic clamp according to Claim 
14, wherein the step of etching the thin metal film comprises: 
coating the thin metal film with photo-resist; 
exposing the photo-resist through a mask; 
20 removing the unexposed photo-resist so as to provide exposed 

metal portions of the metal film; and 

etching the exposed metal portions so as to form the array of 
electrodes from the remainder of the metal film. 



25 



17. The method of making an electrostatic clamp according to Claim 
14, wherein the step of forming an array of electrodes includes forming 
electrodes wherein the width of the electrodes is approximately 5 to 50 (jm. 
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18. The method of making an electrostatic clamp according to Claim 
14, wherein the step of forming an array of electrodes includes forming 
electrodes wherein the spacing between the electrodes is between 5 and 50 pm. 



19. The method of making an electrostatic clamp according to Claim 
5 14, wherein the step of forming an array of electrodes includes forming 

electrodes having widths of approximately 5 to 20 |Ltm and spacings between the 
electrodes of approximately 5 to 20 jam. 

20. The method of making an electrostatic clamp according to Claim 
14, wherein the step of coating the electrodes with an insulating film includes 

10 coating the electrodes with a layer of silicon nitride, boron nitride, aluminum 
oxide and/or silicon dioxide. 



21. The method of making an electrostatic clamp according to Claim 
14, wherein the step of depositing the thin metal film includes depositing a thin 
film of aluminum, chromium, tungsten, molybdenum or metal oxide on a glass 
15 substrate. 



22. A method of processing a substrate in a process chamber having 
an electrostatic clamp for supporting the substrate during processing thereof, the 
method comprising: 

supplying a substrate to the process chamber at a position above 
20 the electrostatic clamp, the clamp including an array of electrodes having 

conductor widths of less than 100 pm and spaces between the electrodes of less 
than 100 |im; 

clamping the substrate by supplying sufficient voltage to the 
clamp to electrostatically attract the substrate against the upper surface of the 
25 clamp; and 

processing an exposed surface of the substrate. 
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23. The method of Claim 22, further comprising supplying a heat 
transfer gas between the lower surface of the substrate and the upper surface of 
the clamp. 

24. The method of Claim 22, wherein the upper surface of the 
5 substrate is etched in a plasma environment during the processing step. 

25. The method of Claim 22, wherein the upper surface of the 
substrate is coated in a plasma environment during the processing step. 

26. The method of Claim 22, wherein the process chamber is part of 
an ECR reactor, TCP reactor or parallel plate reactor. 

10 27. The method of Claim 22, wherein the clamp is a bipolar 

electrostatic chuck and the substrate is a glass panel suitable for use in making a 
flat panel display. 

28. The method of Claim 22, wherein the clamp is a bipolar 
electrostatic chuck and the substrate is a semiconductor wafer. 



15 29. The method of Claim 21, wherein the array of electrodes is 

supplied DC voltage of less than 1000 volts during the clamping step. 

30. The method of Claim 22, wherein helium gas is supplied to a 
space between the lower surface of the substrate and the upper surface of the 
clamp by passing the helium through one or more channels in the clamp. 
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